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It is demonstrated that f0-a0 mixing can lead to a comparatively
large isospin violation in the reactions pN ! da0, pd ! 3He/3H a0
and dd ! 4He a0 close to the corresponding production thresholds.
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As it was suggested long ago in Ref. [1] the dynamical interaction of the
a0(980) and f0(980) with states close to the K K threshold may give rise to a
signicant a0(980)− f0(980) mixing. Dierent aspects of this mixing and the
underlying dymanics as well as the possibilities to measure this eect have been
discussed in Refs. [2{5]. Furthermore, it has been suggested recently by Close
and Kirk [6] that the new data from the WA102 collaboration at CERN [7]
on the central production of f0 and a0 in the reaction pp ! psXpf provide
evidence for a signicant f0{a0 mixing intensity as large as jj2 = 8 3%.
In this letter we will discuss possible experimental tests of this mixing in the
reactions
pp ! da+0 (a); pn ! da00 (b);
pd ! 3H a+0 (c); pd ! 3He a00 (d)
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and
dd ! 4He a00 (e)
near the corresponding thresholds. We recall that the a0-meson can decay
to  or K K. In all the cases considered in the following we address to the
dominant  decay mode.
1 Reactions (a) and (b)
In reactions (a) and (b) the nal da0 system has isospin If = 1; furthermore,
for lf = 0 (S-wave production) it has spin-parity J
P
f = 1
+. On the other




to the Pauli principle. Therefore, near threshold the da0 system should be
dominantly produced in P-wave with quantum numbers JPf = 0
−; 1− or 2−.
The states with JPi = 0
−; 1− or 2− can be formed by an NN system with
spin Si = 1 and li = 1 and 3. Neglecting the contribution of the higher partial
wave li = 3 we can write the amplitude of reaction (a) in the following form
T (pp ! d a+0 ) =
= + p  S k   + + p  k S   + γ+ S  k p  ; (1)
where S = TN2 σN is the spin operator of the initial NN system; p and k
are the initial and nal c.m. momenta;  is the deuteron polarization vector;
+, +, γ+ are three independent scalar amplitudes which can be considered
as constant near threshold (at k ! 0).
Due to the mixing, the a00 may also stem from the f0. In this case the a
0
0d
system will be in S-wave and the amplitude of the reaction (b) can be written
as:
T (pn ! d a00) =
= 0 p  S k   + 0 p  k S   + γ0 S  k p   + F S  ; (2)
where  is the mixing parameter and F is the f0 production amplitude. In the
limit k ! 0, F is again a constant. The scalar amplitudes , , γ for reactions
(a) and (b) are related to each other by a relative factor of
p








The dierential cross sections for reactions (a) and (b) have the form (up to
terms linear in )
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C0 + C2 cos









; C1 = p k
[








3 j0j2 +2 Re(00  + 0γ0  + 0γ0 )
]
: (5)






jF j2 : (6)
Note, that near threshold the dierential cross section (3) is proportional to
k3 or Q3/2, where Q is the c.m. energy excess. Due to S-wave dominance we
have instead (pn ! df0)  k or 
p
Q.
The mixing eect | described by the term C1 cos  in Eq.(4) | then leads
to an isospin violation in the ratio Rba of the dierential cross sections for






C0 + C2 cos2 
; (7)
and in the forward-backward asymmetry for reaction (b):
Aa() =
a()− a( −)
a() + a( −) =
C1 cos 
C0 + C2 cos2 
: (8)
The latter eect was already discussed in Ref. [8] where it was argued that
the asymmetry Aa( = 0) can reach 5  10% at an energy excess of Q =
(5  10) MeV. However, if we adopt a mixing parameter jj2 = (8  3)%, as
it follows from the WA102 data, we can expect a much larger asymmetry. We
note explicitly, that the coecient C1 in (5) depends not only on the magnitude
of the mixing parameter , but also on the relative phases with respect to the
amplitudes of f0 and a0 production which are unknown so far. This uncertainty
has to be kept in mind with respect to the following discussion.
In order to estimate the isospin-violation eects in the dierential cross section
ratio Rba and in the forward-backward asymmetry Aa we use the two-step
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model (TSM), which was successfully applied earlier to the description of -, 0-
, !- and -meson production in the reaction pN ! dX in Refs. [9,10]. Recently,
this model has been also used for an analysis of the reaction pp ! da+0 [11].
The diagrams in Fig. 1 describe the dierent mechanisms of the a0- and f0-
meson production in the reaction NN ! da0=f0 within the framework of the
TSM. In the case of a0 production the amplitude of the subprocess N ! a0N
contains three dierent contributions: i) the f1(1285)-meson exchange (Fig. 1
a); ii) the -meson exchange (Fig. 1 b); iii) s- and u-channel nucleon exchanges
(Fig. 1 c and d). As it was shown in Ref. [11] the main contribution to the
cross section for the reaction pp ! da+0 stems from the u-channel nucleon
exchange (i.e. from the diagram of Fig. 1 d) and all other contributions can be
neglected. In order to preserve the correct structure of the amplitude under
permutations of the initial nucleons (which is antisymmetric for the isovector
state and symmetric for the isoscalar state) the amplitudes of the a0 and
f0 production can be written as the following combinations of the t- and u-
channel contributions
Tpn!da00(s; t; u) = Apn!da00(s; t)−Apn!da00(s; u);
Tpn!df0(s; t; u) = Apn!df0(s; t) + Apn!df0(s; u); (9)
where s = (p1+p2)
2, t = (p3−p1)2, u = (p3−p2)2 and p1, p2, p3, and p4 are the
4-momenta of the initial protons, meson M and the deuteron, respectively. The
structure of the amplitudes (9) guarantees that the S-wave part vanishes in
the case of the direct a0 production since it is forbidden by angular momentum
conservation and the Pauli principle.
The calculated forward dierential cross section for reaction (a) as a function
of the proton beam momentum (taken from Ref. [11]) is presented in Fig. 2.
The dash-dotted and solid lines describe the results of the TSM for ga0NN =
3.7 [12] and dierent values of the nucleon cut-o parameter, N = 1:2 and
1.3 GeV/c, respectively. A rather good description of the existing data [13] is
achieved for N = 1:3 GeV/c (solid line).
In the case of f0 production the amplitude of the subprocess N ! f0N
contains two dierent contributions: i) the - meson exchange (Fig. 1 b); ii) s-
and u-channel nucleon exchanges (Fig. 1 c and d). Our analysis has shown that
similarly to the case of the a0 production the main contribution to the cross
section of the reaction pn ! df0 is due to the u-channel nucleon exchange (i.e.
from the diagram of Fig. 1 d); the contribution of the combined  exchange
(Fig. 1 b) as well as the s-channel nucleon exchange can be neglected. In this














If we take ff0NN =8.5 according to Ref. [14] then we nd for the ratio of
the amplitudes R(f0=a0) = gf0NN=ga0NN = 2:3. Note, however, that Mull
and Holinde give a dierent value for the ratio of the coupling constants: i.e.
R(f0=a0) = 1:46
which is lower by about 37 %. In the following we use R(f0=a0) = 1:46 2:3.
The calculated total cross sections for the reactions pn ! da0 and pn ! df0
(as a function of Tlab) are shown by the solid lines in Fig. 3. The solid lines
denoted by 1 and 2 are obtained for R(f0=a0) = 1:46 and 2.3, respectively.
We nd that very close to threshold the S-wave f0 production cross section is
considerably larger than the P-wave cross section of the reaction pn ! da00 in
line with the discussion above.
The magnitude of the isospin violation eects is shown in Fig. 4, where we
present the dierential cross section of the reaction pn ! da00 at Tp = 2:6 GeV
as a function of c.m. for dierent values of the mixing intensity jj2 (from
0.05 to 0.11). For reference, the solid line corresponds to the case of isospin
conservation, i.e. jj2 = 0. The dashed-dotted curves include the mixing eect
with jj2 = 0.05 for the lower curves (1a and 2a) and for jj2 = 0.11 (upper
curves 1b and 2b). Curves 1, 1a and 1b (2, 2a and 2b) have been calculated
for R(f0=a0) = 1:46 (2.3), respectively. Note that all the curves in Fig. 4 were
calculated assuming maximal interference of the amplitudes describing the
direct a0 production and its production through f0. The maximal violation of
isospin may also occur at c.m. = 0
 depending on the sign of the coecient
C1 in Eq. (4).
It follows from Fig.4 in either case that the isospin violation parameter Aa()
for c.m. = 180
o may be quite large, i.e.
Aa(180
o) = 0:46 0:52 or 0:9 0:93 (11)
for R(f0=a0)= 1.46 or 2.3, respectively. Moreover as it follows from Eqs. (5)
and (8) Aa()  1=k and therefore becomes even larger at smaller energies.
The isospin violation eects can also be measured using the reaction
pn ! df0 ! d+−; (12)
where due to mixing the f0 may also come from an a0. The corresponding
dierential cross section is shown in Fig. 5, where the notation of the curves
is the same as in Fig. 4. The dierential cross section for f0 production is ex-
pected to be essentially larger than for a0 production, but the isospin violation
eect turns out to be smaller than in the -production channel. Nevertheless,
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the isospin violation parameter A is expected to be about 1020% and can
be detected experimentally.
2 Reactions (c) and (d)
We continue with pd reactions and compare the nal states 3H a+0 (c) and
3He a00 (d). Near threshold the amplitudes of these reactions can be written as
T (pd ! 3H a+0 ) =
p
2Da SA  ; (13)
T (pd ! 3He a00) = (Da + Df)SA  ; (14)
where SA = 
T
A2 σN , Da and Df are the scalar S-wave amplitudes descibing
the a0 and f0 production in case of =0. The ratio of the dierential cross
sections for the reactions (d) and (c) then is given by
Rdc =





2Re(DaDf) + jDf j2
jDaj2 : (15)
The magnitude of the ratio Rdc now depends on the relative value of the
amplitudes Da and Df . If they are comparable jDaj  jDf j or jDf j2  jDaj2
the deviation of Rdc from 0.5 (which would correspond to isospin conservation)
might be 100% or more. Only in the case jDf j2  jDaj2 the dierence of jRdcj2
from 0.5 will be small. However, this possibility appears very unlikely.
Using the two-step model for the reactions pd ! 3He a00 and pd ! 3He f0,
involving the subprocesses pp ! d+ and +n ! p a0=f0 (cf. Refs. [15,16]),
we nd
(pd ! 3He a00)
(pd ! 3He f0) ’
(+n ! p a00)
(+n ! p f0) : (16)
According to the calculations in Ref. [11] we expect (+n! pa0) = (−p !
na0) ’ 0:5 1 mb at 1.75{2 GeV/c. A similar value for (−p ! nf0) can be
found using the results from Ref. [17]. According to the latter study (−p !
nf0 ! nK+K−) ’ 6 − 8 b at 1.75{2 GeV/c and Br(f0 ! K+K−) ’ 1%,
which implies that (−p ! nf0) ’ 0:6− 0:8 mb. Thus we expect that near
threshold jDaj  jDf j . This would imply that the eect of isospin violation
in the ratio Rdc can become quite large.
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jT (pd! 3He 0)j2 ’
jT (−p ! p a00)j2
jT (−p ! p 0)j2 : (17)
Taking (−p ! na00) ’ 0:6 mb at 1.75 GeV/c and using the near threshold
value (−p ! 0n) = (0:35  0:03) qη′c.m. b (where qη′c.m. is in MeV/c) from
Ref. [18] we nd that R(a0=
0) ’ 1. Therefore, using experimental data on






’ 0:9 nb=sr: (18)
The energy dependence of the dierential cross section for the reaction pd !
3He 0 has been calculated within the two-step model in Ref. [16]. One can
safely assume that a similar energy dependence should also be seen for the
dierential cross sections of the reactions pd ! 3He a00 and pd ! 3He f0, if





Direct production of the a0 in the reaction dd ! 4He a00 is forbidden. It thus
can only be observed due to the f0 − a0 mixing:
(dd ! 4He a00)
(dd ! 4He f0) = jj
2: (19)
Therefore it will be very interesting to study the reaction
dd ! 4He (0 ) (20)
near the f0-production threshold. Any signal of reaction (20) then will be
related to isospin breaking. It is expected to be much more pronounced near
the f0 threshold as compared to the region below this threshold.
In summary, we have discussed the eects of isospin violation in the reactions
pN ! da0, pd ! 3He=3H a0 and dd ! 4He a0 which can be generated by
f0-a0 mixing. It has been demonstrated that for a mixing intensity of about
(8  3)%, the isospin violation in the ratio of the dierential cross sections
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of the reactions pp ! da+0 ! d+ and pn ! da00 ! d0 as well as in
the forward-backward asymmetry in the reaction pn ! da00 ! d0 not far
from threshold may be about 50-100%. Such large eects are caused by the
interference of direct a0 production and its production via the f0 (the for-
mer amplitude is suppressed close to threshold due to the P -wave amplitude
whereas the latter is large due to the S-wave mechanism). A similar isospin vi-
olation is expected in the ratio of the dierential cross sections of the reactions
pd ! 3H a+0 (+) and pd ! 3He a00(0). Finally, we have discussed also the
isospin violation eects in the reactions pn ! df0(+−) and dd ! 4He a0. All
reactions together | once studied experimentally | are expected to provide
detailed information on the strength of the f0=a0 mixing.
Corresponding measurements are now in preparation for the ANKE spectrom-
eter at COSY-Ju¨lich [20].
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Fig. 1. Diagrams describing the dierent mechanisms of a0 and f0-meson production
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Fig. 2. Forward dierential cross section of the reaction pp ! da+0 as a function of
(plab − 3.29) GeV/c (taken from Ref.[11]). The full dots are the experimental data
from Ref. [13] while the dash-dotted and solid lines describe the results of the TSM
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Fig. 3. Total cross sections for the reactions pn! da0 and pn ! df0 as a function of
(Tlab − 2.473) GeV. The solid curves denoted by 1 and 2 correspond to the choices























Fig. 4. Dierential cross section of the reaction pn ! da00 at Tp = 2.6 GeV as a
function of c.m.. The solid curve corresponds to the case of isospin conservation,
i.e. jξj2 = 0. The dashed-dotted lines include the mixing eect with jξj2 = 0.05 for
the lower curves (1a and 2a) and jξj2 = 0.11 for the upper curves (1b and 2b).


























Fig. 5. Dierential cross section of the reaction pn ! df0 at Tp = 2.6 GeV as a
function of c.m.. The notation of the curves is the same as in Fig.4.
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